We demonstrate that Sprouty genes 1, 2 and 4 are expressed in several developing organs of the craniofacial area and trunk, including the brain, cochlea, nasal organs, teeth, salivary gland, lungs, digestive tract, kidneys and limb buds. In organs such as the semicircular canal, Rathke's pouch, nasal organs, the follicle of vibrissae and teeth, Sprouty1 and Sprouty2 are expressed in the epithelium and Sprouty4 in the mesenchyme or neuronal tissue, while in the lung Sprouties1, 2 and 4 are all expressed mainly in the epithelial tissue. In the kidney, Sprouty1 is prominent in the ureteric bud whereas Sprouty2 and 4 are expressed in both the ureteric bud and the kidney mesenchyme and glomeruli deriving from it. The expression profiles suggest roles for these Sprouties in the epithelial-mesenchymal interactions that govern organogenesis. q
Results and discussion
The first Sprouty gene was identified by its property of regulating branching morphogenesis by antagonizing fibroblast growth factor (FGF) signalling pathways in the Drosophila tracheal system (Hacohen et al., 1998) . Subsequent analysis showed that the same gene acts as an antagonist of epidermal growth factor as well as the FGF signalling pathways, apparently by inhibiting the receptor tyrosine kinase ras/MAPK pathway (Kramer et al., 1999; Reich et al., 1999) . Four Sprouty genes have been identified in the mouse to date (de Maximy et al., 1999) , and expression studies on mouse embryos have so far shown them to possess common, distinctive expression at embryonic day (E) 8.5-10.5 (Minowada et al., 1999) . In order to trace the expression patterns of Sprouties1, 2 and 4 during organogenesis, we investigated their expression in the mouse at E11.5, 12.5 and 14.5.
1.1. Expression of Sprouties1, 2 and 4 in the embryonic craniofacial region Sprouties1, 2 and 4 were expressed in the neopallial cortex, cranial flexure and primordium of the cerebellum at E12.5 (Fig. 1A-C ) and E14.5 (Fig. 1D-F) . However, in the brain at E12.5, Sprouty1 was not expressed in the midbrain region (Fig. 1A) other than at E14.5 (Fig. 1D) , while Sprouties2 and 4 were expressed in this region at E12.5 and 14.5 (Fig. 1B,C,E) . Viewed in more detail, Sprouties1 and 2 were also expressed in the optic recess of the diencephalons and in the nasal epithelium at E12.5 (Fig. 1A,B) , whereas Sprouty4 was expressed in the nasal mesenchyme (Fig. 1C) . At 14.5, Sprouties1 and 2 were expressed additionally in Rathke's pouch, the nasal epithelium and the epithelium of the follicle of vibrissae (Fig.  1D ,E and data not shown), while Sprouty4 was localized to the mesenchymal cells and neuronal cells in these regions ( Fig. 1F and data not shown). In addition to the brain, Sprouties1, 2 and 4 were also expressed in the cranial ganglia, e.g. the trigeminal ganglion ( Fig. 1F and data not shown). At E14.5, Sprouties1 and 2 were also expressed in the epithelium of the semicircular canal of the cochlea (Fig. 1G,H) , while conversely; Sprouty4 exhibited a mesenchymal expression pattern (Fig. 1I) .
Expression of Sprouties1, 2 and 4 was also detected in the epithelium of the developing salivary gland at E12.5 and 14.5 ( Fig. 2A-F ), but Sprouty4 was more restricted to the distal epithelium during branching (Fig. 2C,F ). Sprouties1 and 2 were also detected in the epithelial cells of embryonic teeth at E12.5 and 14.5 (Fig. 2G ,H,J,K,M,N). Unlike Sprouties1 and 2, Sprouty4 was detected in the dental mesenchymal cells at all stages studied (Fig. 2I ,L,O).
Expression of Sprouties1, 2 and 4 in the trunk and the primordia of internal organs
A Sprouty1 transcript was found throughout the epithe- (01)00526-3 www.elsevier.com/locate/modo lium of the lung, but expression was higher in the distal epithelial tips than in the stalk region at E11.5, 12.5 and 14.5 (Fig. 3A,D,G) . Expression of Sprouty2 was limited to the distal leading edge of the branching tips in the lung at these stages (Fig. 3B,E,H) . Our results regarding the expression of Sprouty2 in the lung are in agreement with those reported earlier (Mailleux et al., 2001) .
Sprouty4 expression was intense in the distal tip region of the branching epithelium at E11.5 (Fig. 3C) and it was also localized to the mesenchymal cells adjacent to epithelial tips (Fig. 3C, insert) , but no signal was detected in the presumptive bronchi or the trachea. Serial sections taken at E12.5 and 14.5 emphasized strong Sprouty4 signals in the epithelial tips as well (Fig. 3F,I ). This is in contrast to the report of de Maximy et al. (1999) , in which Sprouty4 expression was localized mainly to the distal mesenchyme.
Identical expression patterns were observed for these three Sprouty genes in the embryonic digestive tract at the different stages analysed, all three being localized to the stomach at E11.5 (Fig. 4A-C) , and to the serosa and submucosa of the gut at E12.5 and 14.5 (Fig. 4D-I ).
In the developing kidney, Sprouties1 and 2 were expressed in the branching tips of the ureteric bud and weakly throughout the Wolffian duct at E11.5 (Fig. 4J,K) , and Sprouty1 remained in the cortical zone of the distal epithelial branching tips at E12.5 and 14.5 ( Fig. 4M,P) . Expression of Sprouty2 persisted in the branching tips of ureteric bud and in the collecting duct at E12.5, the signal appearing in mesenchymal cells adjacent to the epithelial ureter (Fig. 4N) . At E14.5, Sprouty2 was also expressed in the developing glomeruli derived from the mesenchyme (Fig. 4Q) . Sprouty4 was expressed not only in the epithelial tips of the ureteric bud but also in the mesenchymal cells adjacent to the epithelial tips. No transcriptional signal was found in the Wolffian duct at E11.5 (Fig. 4L ) or in the collecting duct at E12.5 (Fig. 4O) . At E14.5 Sprouty4 was also expressed in the developing glomeruli (Fig. 4R ). There were no detectable signals for Sprouty 4 in the collecting duct.
Sprouties1, 2 and 4 were expressed in distinct regions of the spinal cord, and Sprouties2 and 4 were also expressed in the dorsal root ganglia and in the primordium of the vertebral body, whereas Sprouty1 was not (data not shown). In the embryonic limb, Sprouties1, 2 and 4 were expressed in the epithelium in the region of the developing digits at E14.5. Cells around the perichondrium of the digits expressed all three genes at this stage as well (data not shown; de Maximy et al., 1999) .
In conclusion, we observed common but also distinct expression domains for the Sprouty genes 1, 2 and 4 during mouse development. Their expression in both epithelial and mesenchymal tissue suggests roles in the epithelialmesenchymal interactions that govern organogenesis.
Materials and methods
The vaginal plug was used as a criterion for mating in the CD-1 mouse strain to obtain timed embryos (0.5 days of gestation). The organ rudiments were isolated at E11.5 (lungs, stomach and kidneys) or E12.5 (teeth and salivary gland). Samples were cultured for 3 h or overnight, and fixed in 4% formaldehyde (PFA) in phosphate-buffered saline at 48C and stained as whole mounts. For histology, embryos were fixed in 4% PFA at E12.5 and 14.5, embedded in paraffin and serially sectioned at a thickness of 7 mm.
The following expressed sequence tags (dbESTs) were used for the in situ hybridization analysis after confirming their identity by sequencing: AA591484 for Sprouty1, AA222134 for Sprouty2 and AA499432 for Sprouty4. Anti-sense riboprobes were generated by digesting plasmids with SalI for Sprouty1 and EcoRI for both Sprouty2 and Sprouty4. Anti-sense digoxigenin-labelled probes were synthesized from linearized plasmids using Sp6, T3 or T7 RNA polymerases, respectively. Whole-mount and nonradioactive section in situ hybridizations were performed essentially as described (Breitschopf et al., 1992; Lin et al., 2001 ). Photographs were taken by using Leica DC 100 and Olympus DP50 cameras, and the images were processed with Adobe Photoshop5.0 and CorelDRAW9 programs.
